In the past decade, many transgenic lines of mosquitoes have been generated 23 and analyzed, whereas the maintenance of a large number of transgenic lines 24 requires a great deal of effort and cost. In vitro fertilization by an injection of 25 cryopreserved sperm into eggs has been proven to be effective for the maintenance 26 of strains in mammals. The technique of artificial egg activation is a prerequisite for 27 the establishment of in vitro fertilization by sperm injection. We demonstrated that 28 artificial egg activation is feasible in the malaria vector mosquito, Anopheles 29 stephensi (Diptera, Culicidae). Nearly 100% of eggs dissected from virgin females 30 immersed in distilled water darkened, similar to normally oviposited fertilized eggs. Groups of 40 eggs were homogenized by a plastic homogenizer with 40 µl of 160 sample buffer (Nacalai) containing 5% 2-mercaptoethanol, and were then boiled at 161 95°C for 3 min. Five µl of each sample (equivalent to 5 eggs) was separated on a 162 10% SDS-PAGE gel, and was transferred to a Hybond™ ECL Membrane (GE 163
Healthcare UK Ltd, Buckinghamshire, England). Membranes were blocked with 164 T-TBS (20 mM Tris-HCl, 137 mM NaCl, pH 7.4, 0.05% Tween-20) containing 5% 165 skimmed milk (Megmilk Snow Bland, Tokyo, Japan Injection of distilled water or 0.2 M NaCl solution into adult female was 177 performed using a micromanipulator, YOU-1 (Narishige, Tokyo, Japan) and a 178 microinjector IM-11 (Narishige) under a stereomicroscope. A fine glass micropipette 179 was made by pulling a 1-5 µl Calibrated pipets (Drummond, Broomall, CA, USA) 180 with the capillary puller PC-10 (Narishige), and grinding the tip with the EG-44 181 grinder (Narishige). The volume of 280 nl of distilled water or 0.2 M NaCl were 182 injected into lateral hemocoel in abdomen or thorax of 10-to 14-day-old virgin adult 183 female 4-to 7-day after blood feeding. Injected adult mosquitoes and ovaries were 184 observed under a stereomicroscope, SZX7 equipped with a DP73 digital camera 185 (Olympus, Tokyo, Japan). 186 water-immersed eggs (Fig. 1) . Larvae hatched from nearly all darkened oviposited 205 eggs, whereas no larvae hatched from darkened eggs treated with distilled water. 206
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In another experiment, 3.5 % of eggs incubated in 0.15 M NaCl for 12 h were 207 darkened (Table 1) . To examine the possible effect of NaCl concentrations on egg 208 activation, eggs were incubated in various concentrations of NaCl solution. The 209 darkening of eggs did not occur at a higher concentration than 0.2 M NaCl (Table 1) . 210
This result suggested that the darkening (activation) of eggs occurred in a 211 sodium-concentration dependent manner. 212
We then examined the effects of the duration of immersion in distilled water 213 and 0.2 M NaCl on egg activation. Eggs dissected in 0.2 M NaCl were immersed in 214 distilled water for 5, 10, and 20 min, and were returned to 0.2 M NaCl. Most eggs 215 immersed in distilled water for more than 10 minutes darkened after transfer to 0.2 216 M NaCl (Table 2 ). This result suggests that egg activation takes at least 10 minutes, 217 and high NaCl concentrations do not interfere with the darkening of the endochorion 218 once eggs have been activated. Next, dissected unfertilized eggs were first immersed 219 in 0.2 M NaCl for various durations and then eggs were transferred to distilled water. 220
More than 80 % of eggs darkened after the 0.2 M NaCl incubation for 20 min, and 221 the ratio of activated eggs were significantly reduced after 0.2 M NaCl incubation 222 for more than 40 min (Table 3) . About 70% and 50% of eggs that failed to be 223 occurring at about 10 min after treatment with distilled water indicated that the 236 meiotic cell cycle progressed to anaphase I ( Fig. 2A) . The meiotic cell cycle entered 237 the second meiotic division at about 40 min and it completed 80 min after treatment 238 with distilled water. One female pronucleus migrated inside the egg and three polar 239 body nuclei were migrated toward the periphery about 120 min after treatment with 240 distilled water ( Fig. 2A) . In contrast, meiosis remained arrested at meta-I in eggs 2 h 241 after incubation in 0.2 M NaCl ( Fig. 2A) . Oviposited fertilized eggs reached the 242 blastoderm stage 4 h after oviposition. Dissected mature unfertilized eggs darkened 243 4 h after incubation with distilled water; nevertheless, mitotic divisions did not occur 244 in these water-immersed eggs (Fig. 2B) . In these eggs, a condensed chromosome 245 mass resembling a "rosette-like structure" or "chromosome bouquet" derived from 246
The 
Artificial egg activation in vivo 268
Finally, we injected distilled water into hemocoel of blood-fed females that 269 contained mature eggs. In more than 70% of females (n = 53) that received injection 270 with distilled water, a portion of the eggs in ovary located near the site of injection 271 darkened (Fig. 4A, B) , In contrast no eggs darkened in the ovary of adult females (n 272 = 31) that received injection of 0.2 M NaCl. We confirmed that MEK and MAPK 273
were dephosphorylated in the darkened eggs 2 h after injection with distilled water 274 (Fig. 4C) . These results indicate that eggs could be artificially activated even in vivo 275 by injection of distilled water into hemocoel. NaCl. Molecular mass of each peptide is indicated on right.
